In vitro synergism and anti-biofilm activity of ampicillin, gentamicin, ceftaroline and ceftriaxone against Enterococcus faecalis.
Enterococci frequently cause severe biofilm-associated infections such as endocarditis. The combination of ampicillin/ceftriaxone has recently been clinically evaluated as non-inferior compared with the standard therapy of ampicillin/gentamicin for treatment of Enterococcus faecalis endocarditis. Ceftaroline is a novel cephalosporin with enhanced activity against Gram-positive bacteria. To compare the in vitro effectiveness of the ceftaroline/ampicillin combination with those of gentamicin/ampicillin and ceftriaxone/ampicillin in planktonic and biofilm cultures of clinical E. faecalis isolates. Synergistic effects at the planktonic level were analysed by chequerboard assays in 20 E. faecalis isolates. Biofilm-eradicating and biofilm-preventing activities of the antibiotics and their combinations were determined by confocal laser scanning microscopy with quantification by quantitative biofilm analysis (qBA) algorithm and cfu/mL determination. Comparable synergistic effects were observed for both β-lactam combinations in most isolates, in contrast to gentamicin/ampicillin. However, none of the antibiotic combinations succeeded in eradicating mature biofilms. Gentamicin showed promising biofilm-preventing activity, but at concentrations above those clinically tolerable. The β-lactams showed a U-shape dose-response relationship in biofilm prevention. Only exposure to cephalosporins caused alterations in cell morphology, which resulted in cell elongation and reclustering in a concentration-dependent manner. Reclustering was associated with high occurrences of small colony variants (SCVs), especially at high ceftriaxone concentrations. This study suggests that combinations of cephalosporins or gentamicin with ampicillin may be advantageous only while bacteraemia persists, whereas combinations have no advantage over monotherapy regarding the treatment of mature biofilms. The selection of SCVs at high ceftriaxone concentrations is worth further study.